From the advancement of tilapia production in recent years, diets are sought that allow the maximum growth, improving health and fish quality. In this study growth, biochemical, hematological and oxidative parameters were evaluated of tilapia fed with increasing selenium levels: 0.53, 0.86, 1.04 and 1.22 mg kg -1
Introduction
Brazil stands out as one of the countries with the largest quantity of flooded area that can be used for aquaculture. However, per capita fish consumption in Brazil is relatively low at around 11.17 kg / year (IBGE, 2015) . Even so, according to estimates by the FAO in 2016 (FAO, 2016 , it shows that among Latin American countries Brazil will have the highest aquaculture growth (104%) by 2025, surpassing countries like Mexico and Argentina. According to the IBGE (2015) the volume produced by the Brazilian fish farming represents almost 70% of all national aquaculture, with 483.24 tons of fish. Statistics assert that, in 2015, Brazil produced 483,000 tons of fish. Tilapia contributed with 45% of production (Brasil, 2017) .
Much of the tilapia production occurs in intensive practices, however, there are problems, especially in early stages, as disease outbreaks (Amlashi et al., 2011) . Currently the concept of functional foods has been applied in the food industry for production animals, because diets in addition to meeting the nutritional requirements, also need to improve the health of farmed fish (Ibrahem et al., 2010; Al-Thobaiti et al., 2018) .
The high cost of fish feed still is one of the great difficulties, so, it has been sought ever more efficient strategies to minimize these costs, including to know the needs of each nutrient for each species (Portz et al., 2000; Aride et al., 2018; Brasil, 2017) .
Selenium is a micromineral essential for fish growth (Hamilton, 2004) . This element is a constituent of the enzyme glutathione peroxidase (GPx), an antioxidant enzyme that acts against reactive oxygen species (ROS) (Rider et al., 2009) . Optimal level of selenium for fish varies from 0.21 to 1.18 mg kg -1 of diet (Borba et al., 2013) . Selenium is a detoxifying of heavy metals such as cadmium and mercury (Southworth et al., 2000) . The inclusion of larger amounts of selenium may also save the amount of vitamin E, because both act as antioxidants (Lin and Shiau, 2009) .
Selenium deficiency usually results in growth and of activity of enzyme GPx reductions (NRC, 2011) . High levels of selenium in the diet may also have a toxic effect, resulting in growth and feed efficiency reduced and mortality increased (Watanabe et al., 1997) . Studies have shown that the optimum and toxic levels of selenium are very close (Borba et al., 2013) .
The importance of selenium goes beyond fish nutrition. For striped bass (Morone saxatilis), there was a high accumulation of selenium in the muscle, regardless of use, if inorganic or organic (Cotter et al., 2008) . This result suggests that the fish meat can become a good functional food, because its accumulation of selenium may provide increased antioxidant potential of this product.
In this context, the aim of this study was to determine whether the addition of selenium, at higher levels than those commonly used in commercial fish feed (0.53 mg kg -1 ), in tilapia juveniles considering growth, oxidative system and hematological and biochemical parameters.
Materials and Methods
The feeding trial was conducted at the Fish Farming Laboratory at UFSM, Campus Palmeira das Missões in a water recirculation system. The water recirculation system consisted of 16 tanks (250 L) (four replicates per treatment) with individual inflow and outflow outlets, biological filters and thermostats for temperature control of water (26 to 28 °C).
It was used 400 tilapia juveniles (Oreochromis niloticus), with average weight of 36.51 ± 10.88 g (25 per tank). Before the experiment, the animals underwent two-week adaptation period. During all manipulations, fish were anesthetized with benzocaine (100 mg L -1 ) (Delbon, 2006) . The total experiment time lasts 42 days.
To make diets, the ingredients were mixed in a horizontal mixer. During this process, vitamin and mineral pre-mix, oil and water were added to the ingredients. The paste for all treatments was pelletized, and the pellets were dried at 55 °C for 24 h. After drying, the diets were stored in closed glass containers at -15 °C. Sodium selenite (Na 2 SeO 3 , chemical compost presents in commercial diets) levels added at the diets were 1.15; 1.55 and 1.95 mg kg -1 . The selenium level in the diet ingredients, including soya, meat, bones, wheat and corn meals, is estimated in 0.35 mg kg -1 (Rostagno, 2011) . The total selenium level (ingredients + added) in control diet was 0.53 mg kg -1 . Thus, considering the added selenium and the selenium present in ingredients, the levels were 0.53 (control diet), 0.86, 1.04 and 1.22 mg kg -1 . Fish received 3% of their body weight in feed per day (Table 1) , divided into 3 meals: at 08:00 h am, 01:00 and 05:00 h pm. In order to remove excess feces and other dirts, it was realized the cleaning of tanks, which performed by siphoning. The amount of feed per experimental unit was measured every week by weighing all fish in each experimental unit.
The following animal performance parameters were analyzed: total length (TL), standard length (SL), specific growth rate (SGR), daily weight gain (DWG) and total weight gain (TWG). These parameters were measured and calculated according to Lazzari et al. (2008) .
Blood collection was performed in the end of the trial, it was used 10 fish randomly per treatment. Five minutes 
Selenium of the ingredients used in the diet (mg kg -1 in natural matter) based on Rostagno (2011) . **Vitamin and mineral mix (guarantee levels per kg of product) -folic acid: 250 mg; pantothenic acid: 5,000 mg; antioxidant: 0.60 g; biotin: 125 mg; cobalt: 25 mg; copper: 2,000 mg; iron: 820 mg; iodine: 100 mg; manganese: 3,750 mg; niacin: 5,000 mg; selenium: 75 mg; vitamin A: 1,000,000 IU; vitamin E: 120 mg, vitamin B1: 1,250 mg; vitamin B12: 3,750 µg; vitamin B2: 2,500 mg; vitamin B6: 2,485 mg; vitamin D3: 500,000 UI; vitamin K: 500 mg; zinc: 17,500 mg. *** Addedsodium selenite in diets. ****Selenium amount in diets considering the added selenium plus the amount of selenium estimated in the ingredients (Rostagno, 2011) . before blood collection, the animals were removed from the tank and anesthetized with benzocaine (20 mg L -1 ). The collection was performed by puncturing flow using an EDTA solution of 10% as an anticoagulant agent. It was analyzed the hematocrit, hemoglobin (cianometahemoglobin method, commercial kit Doles  ), blood cells total number and hematimetric indices [mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC)].
Oxidative parameters evaluated were: measurement of substances that react to thiobarbituric acid (TBARS, expressed as level of malondialdehyde, MDA) (Wills, 1987) and non-protein thiols (NPSH) (Ellman, 1959 . The data were submitted to the Shapiro-Wilk normality test. When they had normal distribution, values were analyzed by polynomial regression. When they had not normally distributed, the data were analyzed (p<0.05) by Kruskall-Wallis ANOVA and subsequently submitted to the Dunnett's test. The analysis was performed using the statistical package Statistical Analysis System  .
Results
Growth parameters (weight, TL, SL, SGR, DWG and TWG) showed no difference among the tested levels of selenium (Table 2) . Evaluated hematological parameters (hematocrit, hemoglobin and MCHC) do not differed from the control treatment (Table 3 ; p>0.05). Erythrocytes number decreased with the selenium addition and MCV and MCH presented increased in comparation with control group (Table 3 ; p = 0.03; p = 0.02 and p = 0.004, respectively). Biochemical parameters (triglycerides and cholesterol) also showed no difference compared to the control group (Table 3 ; p>0.05).
It was observed decrease for MDA in the gills (p = 0.0048) for the levels of 1.04 and 1.22 mg kg -1 of selenium compared to control (Table 4) . To muscle, MDA decreased levels of 0.86, 1.04 and 1.22 mg kg -1 (Table 4 ; p = 0.02). There were no changes in the levels of MDA in the liver (p>0.05).
There was an increase of NPSH in the gills and muscle of tilapia fed with levels 1.04 and 1.22 mg kg -1 when compared to the control treatment (Table 4; showed increased in amount of NPSH (p = 0.0035). There was not difference in level of hepatic NPSH when compared the treatment groups. The data are presented as mean ± standard deviation. |There is no significant differences among the groups. TL = total length; SL = standard length; DWG = daily weight gain; SGR = specific growth rate; TWG = total weight gain. 
Discussion
Increased levels of selenium in the diet not caused prejudice to the growth parameters in juvenile tilapia. This result may suggest that tilapia has a greater need of selenium, requiring larger doses of this mineral in diets to have some effect on the growth parameters. The concentration of 0.86 mg kg -1 (less concentration) of selenium added via diet to fry matrinxã (Bryncon orbignyanus) also did not cause any of the characteristic effects of selenosis described in the literature (Monteiro et al., 2007) .
In this trial, was not observed toxicity signals in fishes caused by selenium, as reduced growth, mortality or hematologic abnormalities (NRC, 2011) . Doses of selenium a bit higher than the required amount, can cause toxicity in fish, thus the difference between the requirement and the minimum dose is very small. This work reveals that the tilapia tolerates 1.22 mg kg -1 of selenium in the diet, without losses in growth. Lee et al. (2016) fed juveniles of tilapia with feed containing 1.04 mg kg -1 selenium, equivalent to a concentration employed here, and observed that the animals had a specific weight gain and a specific growth rate better than those observed for the group control. Such differences in comparison with the present research can be attributed to the chemical form of the added selenium, to the developmental stage of the fish or to the time of treatment. As for the mineral form used, organic in that work and inorganic in this work, whose bioavailability is greater for the first (Watanabe et al., 1997) , which optimizes the use of the same.
Deficiency or excess selenium in the fish organism cause decreased in hematocrit and hemoglobin, consequently caused anemia and erythrocyte fragility (Watanabe et al., 1997; Lemly, 2002) . The lack of this mineral can affect the erythrocyte membrane protection account the ROS due to higher accumulation of hydroperoxide in fish body (Rider et al., 2009 ). The excess of selenium (mainly in form of sodium selenite) reacts with glutathione to produce superoxide and hydrogen peroxide (H 2 O 2 ) (Lin and Spallholz, 1993) and these compounds also damage the membranes of erythrocytes. In juveniles of pacu (Piaractus mesopotamicus) selenium in the quantity of 0.6 mg kg -1 promoted an increase in the total count of erythrocytes and this was attributed to an increase in GPx activity (Biller-Takahashi et al., 2015) . In this study, hemoglobin, hematocrit and MCHC showed no difference and consequently the fish showed no signals of anemia. Though the erythrocytes number and the MCV and MCH hematimetric indices have been affected, a compensatory mechanism occurred, a decrease of number with size and hemoglobin level higher per element.
In our investigation, the hematological variables were not modified by the treatments, which indicates the protection, with a lower level of MDA and a higher level of NPSH, conferred to the animals exposed to selenium in part of the tissues analyzed. This can be exemplified by the hematocrit, which evaluates the blood volume occupied by the erythrocytes, and the MCHC, which estimates the volume occupied by hemoglobin in them, suggesting that the erythrocyte membrane may also have been the target of the studied mineral, since its integrity was verified through the measurement of these parameters.
Gills and muscle showed lower production level of MDA and increased of NPSH when fishes were feed with larger quantities of selenium. However, when these parameters were measured in the liver did not differ. Decreased in levels of MDA and increased in levels of NPSH in the gills may be the due this organ is the major route of excretion of selenium (Lall, 2002) . Thus, the mineral is used in this tissue to contribute to the antioxidant defense system.
The lowest amount of NPSH in the liver can be explained by the fact that selenium is stored directly in various tissues, except in this organ (Watanabe et al., 1997). Protection against lipid peroxidation is different between tissues and in some tissues defense appears to be less efficient (Maranesi et al., 2004; Oliveira et al., 2008) .
As for quantified lipids, selenium also had no effect on plasma cholesterol levels, indicative of renal and hepatic toxicity, and triglycerides, indicative of nutritional status. Similarly, in carp, organic selenium did not cause increases in cholesterol and triglyceride levels (Ashouri et al., 2015) . This chemical element does not appear to be potentially toxic, since metals such as cadmium, copper, chromium, silver and zinc, at concentrations well below 0.05 mg L -1 , caused increases in serum levels of tilapia cholesterol (Öner et al., 2008) .
Studies have shown that high levels of selenium, favor the accumulation of this mineral in fish muscle. In hybrid striped bass adding selenium (regardless of organic or inorganic origin) at the level of 3.2 mg kg -1 caused a greater accumulation of this mineral in the musculature (Cotter et al., 2008) . This greater accumulation of selenium in addition to contributing to the maintenance of the antioxidant system, it is also important for human nutrition, since muscles with higher levels of this mineral are interesting to the health of people who will consume.
The NPSH increased in the gills and muscle. The NPSH are an indirect measure of the amount of glutathione, and an important non-enzymatic antioxidant that acts on the second line of defense, reducing ROS and is also a substrate for the enzyme GPx and glutathione-S-transferase (Elia et al., 2006) . The selenium in the diet of rats at a dosage of 200 µg kg -1 promoted a significant increase of the content of total thiols (-SH), besides the reduction of lipid peroxidation in plasma, liver, kidneys, and testes (El-Demerdash et al., 2004) . Selenium and vitamin E are important in the metabolism of sulfur amino acids such as methionine and cysteine, which are precursors NPSH (Dimitrov, 1987; Dandapat et al., 2000) . The biosynthesis of glutathione is mainly determined by the concentration of amino acid precursors and competes with the amino acids available for protein synthesis (Roehrs et al., 2004) . Thus, a larger amount of selenium via diet might have stimulated the synthesis of NPSH.
The addition of selenium in diets for farmed fish is recommended for the improvement of health conditions of these animals. Selenium supplementation improves cellular protection against oxidative stress and contributes to the increase in antioxidant defenses of the organisms (Monteiro et al., 2007) . The increased in production of NPSH and the decrease of MDA indicate that there was a decrease in ROS. Selenium is a cofactor of the enzyme GPx, which is involved in the mechanism of ROS neutralization (Rider et al., 2009) . Thus, an increase in the amount of selenium in the body of tilapia juveniles, can stimulate the antioxidant defense system increasing efficiency in combating the ROS.
In conclusion, the diet selenium levels above 0.86 mg kg -1
improved the antioxidant status of the fishes and does not affect to biochemical, hematological and growth parameters of tilapia juvenile.
